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. NATIONALADVISORYCOMMITTEEFORAERONAUTICS

. RESEARCHMEMORANDUM

PRELIMINARYINVESTIGATIONOFTHECRAG
.-

CHARACTERISTICSOF

THENACARM-10MISSILEAT MACHNUMBERSOF 1.ko

AND1.59ll?THELANGLEY4-BY

SUPERSONIC‘TUNNEL“

By L6wellE. Hasel,ArchibaldR.
.~ndClydeV.Hamilton

4-FOOT

Sinclair,
.—

.. .

,. SUMMARY .

~. A parabolicbodyofrevolution(O.287-scalemodelof,theNACARM-10)
hasbeentestedintheLangleyk-by k-footsupersonictunnelatMach
numbersof l.k-oand1.59,andatReynoldsnunhersbasedonbodylength

? varyingfrom1.8x 106to”4.7x 106. TheeffectsofReynoldsnumber,
fins,internalcontourofbodybase,andtwosupportsystemsonbody
pressure,andforcedragwereinvestigatedat an angleof attackof OO. ..—

Lsmlnarflowexistedovertheentirelengthofthesting-supported
body(withoutfins).Additionofa transitionstripatthemaximumbody
diameterproducedturbulentflowovertherearpartofthebodybutdid
notsignificantlyaffecttheforebodypressuredistribution.Thebase
pressure,however,was morenegativethanthatproducedby a corresponding ‘,.
laminarflow.Whenthefinswereaddedto thebodythebasepressure
becamemorenegativethanonthebodywithoutfinsandwasindependentof ...~~
thetypeofboundarylayerexistingaheadofthefins. Fininterference
effectsontheforebodypressuredragweresmall.

Varyingtheinternalcontourof themodelbasehadno significant
effecton thebasepressure.

Theuseof a centralwire-supportsystemextendingaheadofthebody
produceda turbulentflowovertheentirebodybutdidnotsignificantly
affecttheforebodypressuredistribution.

.

. . . .. .
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INTRODUCTION

Inanattemptto evaluatescaleeffect,on slender-bodies,the --
NationalAdvisoryCommitteeforAeronauticshasundertakena coordinated
researchprogramtotesta parabolicbodyofrevolutionhavinga fine-“,
nessratioof 12.2(NACARM-10missile).Variousscalemodelsofthis
missilehavebeentestedinNACAsupersonicwindtunnels(references1
to 4)androcket-propelledmodelshavebeen~ested.in.flight.(refer-...
ences5 to 7). Thedataobtainedinthesetestscovera widerange
ofReynoldsnumbersand,.ata givenMachnumber,dataareavailablefor
a rangeofReyuold6number.h-general,thisattempt-toevaluatethe
scaleeffecthasbeenlimited*Otheanalysisofthedragcoefficient
at anangleofattackofOO. “ -r., — . ----

Thispaperpresents.a preliminaryinvestigationof-thedragchar-.
acteristi.cswhichwereobtainedintheLangley4-by k-footsupersonic
tunnelfroma 0.*7-scalemodeloftheRM-10.Thetestsweremadeat
Machnumbersof l.koand1.99andcovera Re~@olds-numIierrangefrom “--
1.8X 106to &e7X 106.

—._ . ..—
Inadditionto-deteimin&gthezero-liftdrag,

thefollowingfactorswereinvestigated:effectoftwosuppgrtsystems
onthepressureandforceresults,effectof%asecontouronthebase
pressure,fin-dragandfin-interferenceeffe”cts,anda-rigle-of-attack-
effects.

A maximum

Al surface

-.

, SYMBOLS :

cross-sectionareaofbody —

areaofbodywithlaminarboundary-layerrun

Aw totalsurfaceareaofbodyforwtidofbase

a speedof soundinair — ,-...—

CD dragcoefficient(D/qA) .....-

D &ag

Dmsx 7 maximummodeldiameter “= ----

..”

\---
.-
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stingorwindshielddiameter.

lengthofmodel

lengthof laminarboundary-layer

Machnwiber(v/a)

pressurecoefficient
rW’)

free-streamstat~cpressure

localstaticpressure

dynamicpressure
()
7 ~22P

Reynoldsmi.m..er()pvL-T

runonmodel

basedonlengthof laminar

free-streamvelocity

localstreamvelocityinboundarylayer

axialdistancefrommodelnose

angleof attack

ratioof specificheatsof air

modelboattailangle

viscosity

free-streamdensity

Drag-coefficientsubscripts:

B

F

basedrag

foredrag

. .
,.

--

—

boundary-layer -----

——---
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f skin-friction

P forepressure

T totaldrag

.
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&a g

drag .-.—

.-

w total-dragincrementperfin

w fore-dragincrementperfin T- —

APPARATUS —

TunnelandTeatEquipment

TheLangley4-by h-footsupersonicWnnel is a Single-return,
closed-throattunnel(see.fig.1,reference.8)drivenjatthetimeof
thesetestsby a 6000-horsepowerelectric-drivesystemcoupledto an
axial-flowcompressor.Themaxinum.stagnationyress~ waslimited

.

.

.

.-
,: ——

-..—

...

..-.

,...,

by theavailabledrive”powerto about0.3atmosphere,(Thetunnelpower
I& sincebeenincreasedto 45,000horsepower).ThedesignMachnumber
variationisfrom1..2to 2.2. Fixedparallelsidewallsandflexible

--
u :

topandbottomwallsextendfroma point66 inchesupstreamofthefirst“:”‘. .<
minimumsectiontotheendofthetestsection,’atotallengthof —

25feet.Thetestsectionisapproximately”-h.4feethighand4.5feet
wide. An activated-aluminaair-dryingsystemisusedtomaintainthe .
‘stagnationdewpointata temperaturewherecondensationeffectsare ,,.. .
negligible. :—. -. -----.-—.-.— .-<

—
Stagnation,free-stream,andnmdelpress-s werephotographi- —.

tallyrecordedonmultiple-tubemanometers.$il.ledwitQAlkazeqe42 _
(x-dibromoethylbenzene). Thisliquidhasa specificgravityof approxi-“ “ :

.-

mately1.75. Theforcedatawereobtainedfroma strain-gagebalance
andwerevisuallyrecordedfroma Brownself-balancingpotentiometer.

—
.,

Thestraingageswere
takenof several.test

‘ density(0.03to0.09
detailswerevisible.

temperaturecompensa@d.Schltirenpictureswere
configurations.Becauseof thelowtest-section
atmospherestaticpreqsure),however,fewflow

MODEISANDSUPPORTSYSTEMS —

Generalmodelconfiguration.- ThebasicshapeoftheRM-10bodyis .
generatedby revolvinga parabolicarcabouta chordto forma body -. .—.
havinga finenessratio..of15. Inorderto-facilitateinstallationof i“rocketmotorsintherocket-propelledtestvehiclestherearward
18.6percentOfthetheoreti~l.bodywasremovedso tbt the actual - “’” “’-’ =

,
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finenessratioofthemissileisonly12.2.Fourstabilizingfinshaving
a 10-percent-thickcircular-arcsectionperpendicularto theleadingedge.
areattached‘attherearofthebody. Thesefinshavea 60°sweptback
leadingedgeandnotaper.Eachfinhasa halfspanof approximately
12.2percentofthemissilelength.Thelengthofthe0.287-scalemodel
testedintheLangley4-by k-footsupersonic.tunnelis 42.o5inches.

.—

Otherpertinentdimensionsaregiveninfigure1.

Modelconatruction.-Themodelwasconstructedsothatitsweight
waskeptat a minimumsothatthesagofthewire-supportsystemwould
be small.A shortnosesectionapproximatelyfourincheslongand
interchangeablebasesectionsapproximatelyeightincheslongwerecon-
struttedof-magnesium.Theremainingmidsectionofthebodywasformed

.
by glueinga ~-inch-thicklayerofbalsawoodarounda load-carrying
structureconsistingoffourlongitudinalmagnesiumtubes.Glassfiber —.
clothwasthenwrappedaroundthebalsawoodandimpregnatedwitha . .-:.
thermosettingplastic.Thisplasticsurfacewasstable,readilymachined,
endhardenoughtowithstandaccidentalmarringencounteredduringthe
testprogram.Thefourmodelfinsweremachinedfrommagnesium.The

. totalweightofthemodelincludingthefou.ffnsandinternalstrain- ._
gageassemblywasapproximately4.6pounds.

.
Nosesection.-Thenosedetailsofthemodelareshowninfigure2(a).

Clearanceatthenoseforthewiresupportwasprovidedas showninfig-
ure2(a)by removingapproximatelythree-fourthsof an inchofthepointed
tip. Theremainingbluntnosewas0.25inchindiameter.A ~ -inch-
diameterholewas&illedthroughthisbluhtnosetoprovideclearance
forthesupportwire. Duringnmstofthetests,thebodyshapewascon-
tinuedaheadofthebluntnoseby meansof conicalwoodenfairingswhich
weregluedto thewire. A secondnosesectionwasusedduringsomeof
thepreliminarytests.Thissection,whichwastightfittingonthewire, ““
continuedthebodycontouruntilthebodydiameterwasthesameasthat
ofthewire;therebytheneedfora conicalfairingwaseliminated.
Orificeswereinstalledinbothnosesectionsto measurethepressure

—

distributions.

Basesections.-Thefourinterchangeablebasesusedwiththemodel ._.._
areshowninfigures2(b)to 2(e). Thesebasesattachedto thebody
34.05inchesfromthepointednose. Therocket,recessed,andflat
baseswereof identicalexternalshape.Theinternalbasecontourswere _
varied,however,as illustrated.Eachofthesebaseswasprovidedwith ...._
anendplatethroughwhicha ~-inch-diameterholewasdrilledtoprovide

. clearanceforthesupportwire. Eachbasecontaineda numberoforifices
forthedeterminationofthebasepressureandtheexternalpressme
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distribution.Simi-larbaseswereconstructedformo~tingfromoneto —:

fourfinswith90°spacingsorfromoneto three”:fin~with120°spacings. :,
Thepointed-base(fig,2(e))whenattachedtO thefork~ectionbf’th~-j~~
bodyformedthebasicbodyofrevolutionfromwhichtheRM-10bodywas
derived.Orificeswerelocatedalongthisbasetomeasuretheexternal
pressuredistribution. -.-. .-

Supportsystem.-Thegeneralarrangemei+ofthewire-supportsystem
7 -.

isshowninfigure3. A ~- inch-diameterwireapprommstely35feetlong

extendedalongthetunnel”centerlinefromthesettlingchamberthrough ..
thesupersonicnozzletotheendofthetestsection.!Thewirewas
anchoredat itsupstreamendby fourstreamlinedguywiresextending
diagonallyto thecornersofthesQuaresettlingchamber.Thedownstream._.

. anchoragewasattachedto thepermanentmodel-suppom..strut andincluded
a wireloadingdevicebywhichan initialprelosdofZ200’poundstension
wasputinthewiretoreducethesag. Modelmis=linementcausedby :
thesagwhichremainedinthewireafterthepreloadwasaypliedWES ._ _.,.
removedbypositioningtheupstreamwireanchorageabovethetminel
centerline.

.

.+
—
—
-

—
-——

Theinternalstrain-gagebeambal.ante-arrangement+1sshowninfig-
ure1. Twobeamslocatedapproximatelyas showninfigure1 supported —.—
twoballbearingswhichinturnsupportedthemodel..,ThisRrraJ%$ement...... -.
leftthemodelfreetorotateandpreventedthewirefrombeingover- , . ;:
stressedby inadvertenttorsionalloadsduetofinmisalinementor stream
irregularities.A smallcontrolsurfacewasprovidedononefinto
controltherateof rollof themodel.Therateof roll,however,was

.-

so small(maximumtiphelixanglewas0.14°)thatthecontrolsurface —J-
wasneverused. . .— .,— —.

Figure4 is”aphoto~aphofthewire-supportedmo!ielwiththerocket; ‘~~
base. Themethodofbringingthestrain-gageleadsandpressureleads
outtheresrofthemodelis illustratedin-thisfigure. ..—

Sting-SupportedForceModel , .......-,..

Onlya fewmodificationsto thenoseandbaseofthewire-supported....__”_.<
modelwererequiredto adaptitto a conventionalstingsupport.“A
conicalwoodenfairingwasplacedix.thebluntnoseofthewire-supported
modeltoformthepointedtipoftheboo. Theendplatesofthebases” ~~~

~.inch -showninfigures2(b)and2(d)weredrilled-outto approximately~

diameterto accommodatethe0.75-inch-diametersting.
tobasediameter.is0.36.)Therocketnozzlecontgm.
wasmodifiedtopermitattachmentofthestingtothe
A photographofthesting-supportedmodelisshownin”

(~ ratio”ofstfrig “-
oftherocketbase. “i-
nternalbalance.
figure5.

—.,— ..
v

.-. .=

. .

1

..: .:”
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Sting-SupportedPressureModel

. Thepressuremodel(fig.6)wasconstructedof steelandhad
approxhatelylkOorificeslocatedinfourlongitudinalrows900apart.
Thestingsupportwas1.25inchesindiameter(theratioofstingto
basediameteris0.60).Thepressuretubesconnectingtheorificesto
themanometerswerebroughtoutthroughtheinteriorof.thestingas
seeninfigure6. Themodelwastestedbothwitha pointed-noseand
witha faired-nosesectionsimilartothatshowninfigure2(a)which
includeda dummywiresupportextendingfromthenoseofthemodelto
theupstreamsupportanchorage.

.

TESTS, CORRECTIONS,ANDACCURACY

Tests

Thefollowingtablesummarizesthevariabletestconditions.The
completetestpro&m istabulatedintablesI and11.

.

. Model Mach Average Angleof attack
number Reynoldsnumber (deg)

Wire-supported 1.59 1.8X 106 to
4.7x 106 0model

Sting-supported 1.59 2.7x 106 tO
forcemodel 4.5x 106 oto6

Sting-supported
forcemodel 1.40 3.8X 106 0

Sting-supported 1.59 3.7x 106 0pressurermdel

Sting-supported.
pressuremodel 1.59 2.8x 106 to

4.7x 106 ,0withdummywire
support

Alltestswereconductedwitha stagnationtemperatureof 110°F. The* stagnationdewpointwaske@ morenegativethan-35°F at M = 1.59
andmorenegativethan-25°F at M = l.@.

.
.
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Evaluationofwire-supportsystem.- Priortoanysystematicmodel
testinga seriesoftestsweremadeata Machnumber.of1.59and-s
Reynoldsnumberof3.7x“106tomeastiethethicknes6”ofthesupport- ‘“
wireboundarylayerandto evaluatetheeffectsofthewire-support
systemonthemodelpressuredistribution.Theeffecjsofbothdetail.,.
modeldesignandinternalairflowontherioseandbasepressuredis-
tributionswerealsodetermined.ThesetestsaretabulatedintableI.

Basictests.-me initialtestsofthemaintestprogamweremade
to determinetheeffectofair-streamirregularitiesonthedragdata. ,
Inmakingthisstudy,themodelwaslocatedatfourpositionsalongthe
longitudinalcenterlineofthetunnel.(Noselocationswereat
stations239,230,222,and215forthereferencesystemofreference8
andfig.3 ofthispaper.)Duringtheremainderofthetests,themodel
nosewaslocatedatstation215sincethispositionrepresentedthe
upstreamlimitofthestreamsurveysandalsominimizedtheeffectof” “-
thewireloadingdeviceonthemodelbasepressure.

Dragdatawereobtainedat M = 1.59 onthewire-supportedmodel
withtheflat,recessed,rocket,andpointedbases.The effectof
locatinga transitionstripforredby a thinlayerofnumber60 Carbo-
rundum~-inchwideat severalbodylocationswas determined,andthe–- ““

incrementaldragofthefinswasmeasured.At Machgumbersof.l.kO
and1.59,thesting-supportedforcemodelwiththero.c.ketandflat.bases
wasusedto obtainthebodyforedrag,base”drag,andfindrag.The
effectonthesedragcharacteristicsoflocatinga transitionstripqn ,,.
thebodyat ~ = o.61kwasdetermined.

L
At a Mach”numberof l.~ “the

fininterferenceonthefuselagepressure‘distributionwasalsodeter-
mined.ThesetestsaretabulatedintableII.

Base-pressureanddrag-forced@a wereobtained,shultaneouslyfrom
thesting-supportedforcemxiel.Previoustestsshowedthata static.._
orificelocatedonthestingneartheend@ therocketbaseindicated
thesamebasepressureas thoseorificeslocatedonthebaseitself,.
Sincethesting-mountedorificewasnot
notareforceswereintroducedby using
theforcetests.

Correctionsand

Thevariationsoffree-streamMach
tunnelcenterlineintheregionofthe
aresummarizedinthefollowingtable.

directlycom.i?sctedtothemodel,
itto obtainbasepressureduring

Accuracy

numberandflow
modelata Mach

angleonthe
n~ber of 1.59— ...—



2H

.

NACARM L52A14

Machnumbervariation 0.015
-.005

Horizontalflowanglevariation -0.25
.00

9

Verticalflowanglevariation -0.30
.15

Correctionshavebeenappliedto thepressuredatato accountforthe _
free-streampressuredistributionwhichisgiveninfigure6.ofrefer-
ence8. Thecorrectionsweremadeby subtractingthelocal-stream
static-pressuredistributionfromthemeas”tiedpressures.Theforce.
resultshavealsobeencorrectedforthecorrespondingbuoyancyforce.
No correctionshavebeenmadeto theMachnumberl.h databecauseof
insufficientinformationconcerningthefree-streamdistributionin
thetestsection.Thecorrections,however,arebelievedtobe ofthe
samemagnitudeasthoseappliedat a Machnumberof 1.59.

. Theaccuracyofthebodyshapewasdeterminedby measuringthe
forcemodeldiameterat l-inchintervalsalongthebody. Theresults
ofthesemeasurementsarepresented.intableIIIas thedifferencebetween __.
themeasuredandcomputeddiameterateachstation.Themaximumdisagree-
mentis0.007and-0.014inch.No correctionsto thedatahavebeenmade
forthesediscrepancies.

Theaccuracyofthepressurecoefficientanddragcoefficientis
estimatedtobe asfollows:

.

x’

M I R P I Foreandbase
dragcoefficient

1.59 1.8X 106 10.015 ~o.oo6

1.59 2.7x 106 t.012 t.oo5

1.59 3.7x 106 t.010 *.004

t

4.5x 106
1.59 4.7x 106

t.009

1.40 3.8x 106 t.olz! t.oo3

——-—------
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PRESENTATIONANDDISCUSSIONOFRESUETS

Evaluation-ofWire-SupportSystem .,

Wirebound&ylayer.-Theboundary-layer’velocityprdfilesonthe
supportwireat.stqtion215were computedfromtotal-presgures~.veys

1=.-—

andareshowninfigure7. Inreducingthedatatheassumptionwas :
madethatthestaticpressureandstagnationtemperatewereconstent;, “ “. _
throughouttheboundarylayer.‘Theboundary-layerprafileattheend , _
ofthe27.5-footrunonthewirehastuxbulentbounda~-layercharac- :

teristics.Onthetopofthew.tie(taileds-~bols)theloundary-layer
velocityreachesggpercentofthefree-streamvalue1.4inchesfromthe
wiresurface.Onthebottomofthewirethecorrespondingdiptance1s.

—-..

0.9inch.Thisdifferenceinthicknessoccursbecsusethesupportwire
slopesupwardslightlyfromth’etestsectionto thesettlingchamber. ..

Effectofwireboundarylayeronbodypressuredistribution.-The
effectofthewireboundarylayeronthepressuredistributionoverthe
bodyisshowninfigure8 wherethepressuredistributionsobtainedon. ,. ...”.=
thepressuremodelwithandwithoutthe.dumywiresupportare~resented.””n_,_=
Eachdatapointinthisfigurewasobtainedby averagiggthedatafrom -—
fourorificesspaced90°apart.(Thespread.betweentheindividual
orificepressureswassmall.)It isapparentthat”ovej.allofthe.bo~y~ ““””m-’
excepttherearmostRivepercent,thewire.@und@rylayerhasno sig-
nificanteffectonthepressuredistributiori:Theexperimentalresults
areingoodagreementwith.thelinear-theo~r.esul.tscomputedby the

----

tithedpresentedinreference9. Integrationofthepressuredistribu~-U‘~..“.:~
tionsto.obtaintheforebodypress~edrag coefficientbasedonthe

-.
-.

maximumfrontalareagivesthefollowingresults.
.....,.._..=

+ — --

Source c%
.-

Lineartheory 0.047

Sting-supportednmdel .041

Sting-supportedmodel
withdummywiresupport._, .044

Thebasepresimiechangesfrorn.-O;Ol~to
supportisaddedtothemodelconfiguratioti.
changeinbasepressureis
conditionsexistingatthe

causedby a change
bodybaseonthese

..

-0.082whenthedunimywire
As isshownlater,this

.Q

inboundary-layerflow
twoconfigurations. e.

:

●

.. .-
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Data,obtainedonthewire-supportedbodywiththepointedbase
substantiatetheabovereasoningconcerningthechangeofbasepressure.. Onthelatterbodywherethereisno abruptchangeofbodyshapeat
x- = 1.0,thepressuredistribution(f,ig.9)hasnotendencysuddenlyto
&come morenegativeatthispoint.Insteadthereappearsto be a
pressurerecoveryovertherearofthebodywhichis ingooda&eement
withlineartheory.Theexperimentalforebodypressuredragcoefficient
ofthiscompletebodyofrevolutionisO.0~. Thetotaldragcoefficient
iS 0.164.

It ispossibleto comparethepresentresultswiththoseofrefer-
ence10 andto obtainthereasonforthelargeobservedshiftinbase ,
pressures.Inreference10,theresultsof.a studyat a Machnumber
of 1.5oftheeffectsofviscosityonthedragofbodiesofrevolution
arepresented.Severalbodies(models4 and5) theshapesofwhichare
mathematicallystiilartotheRM-10bodyshapewereamongthosetested.
Thebasepressurecoefficientsmeasuredonthesebodiesandonthe
RM-10bodyarepresentedinfigure10 asa functionof theboattail
angle 61. Itcanbe seenthattheRM-10datafollowthetrendsestab-

D lishedby thedatafromreference10. Thiscomparisonindicateathat
theconventionalsting-supportedmodelprobablyhasa laminarboundary
layerovermostofthebody(afactwhichwillbe indicatedmoretangibly

. later)andthatturbulentflowexistsovertherearpartofthewire-
supported.body.

Effectofmodelconstructiondetailsonnosepressuredistribution..
Infigure11 thenosepressuredistributionsobtainedwiththefaired
(seefig.2(a)) andtightfittingnosesareshown.~essuredatawere
takenattworadialpositions1800apartandaredistinguishedby the
twosymbols.A comparisonofthedatainfiguresn(a) andn(b)
indicatesthattheuseofthefairednosewiththeconicalfairing
attachedto thewirehasno adverseeffectson thenosepressuredistribu-
tion.Furthermore,anyairwhichmayflowfromthenoseto thebaseof
thebodythroughitsinteriordoesnotaffecttheexternalnosepressure
distribution.Thep=ssuresobtainedfromthesetestsappeartobe
slightlymorenegativethanthoseobtainedfromthesting-supportedpres-
suremodelwiththedummywiresupport.

‘Fora generalseriesofbodiesthebasepressurecoefficientisa
functionnotonlyof @,butalsoofthesurface”Machnumbernearthe
bodybase,typeofboundarylayer,andtheratiooftheboundary-layer
thicknessatthebodybaseto thediameterofthebodybase(seerefer-
ence11). Forthethreebodiesconsidered,however,thesurfaceMach
numbernearthebaseisapproximatelyconstantas determinedby linear

. theory,andtheratiooftheboundary-layerthicknessto thebasediameter
shouldalsobe aboutthesameforeachboundary-layercondition.When
thestinginterferenceeffectsareneglected,therefore,6 istheprimary. variableaffectingthebasepressureonthesebodies.

.. .

—

,

--
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Theseevaluationtestsindicatethatthewire-supportsystemhas
littleeffectontheforebodypressure“distributionOftheRM-1OOA _,
similargeneralconclusion-pertainingto all-bodiesjhoweverjcannot
bemade. Theturbulentflowcreatedby thewiresupportmasksany
effectsof laminarseparationwhichmightexiston a conventionalsting-
supportedmodel.OntheRM-10bodytheseeffectsares~ll sincea
favorablepressuregradientexistsovernmst.ofthemod~l. .—.

Effectofmodelconstructiondetailsonbasepresstwes.-Infig-
ure12,thebasepressuresmeasuredontheinternalcontoursofthe
rocket-andrecessedbasesareshown.At someoftheorificestations,
fourpressures90°apart-wereobtained.Thesepressuresaredis-
tinguishedby useofdifferentsymbols.Theaverageend-platepressure”
ofthetwobasesappearstobe aboutthes=”:

On eachbase,however,thereisa smallvariationuf pressurewithin
thebase. Theselatterresultsareinagreementwiththeresults,of
free-flighttestsona bodyof somewhatsimilarshapejreference12jin
whichthebasepressuremeasuredonthecenterofthenozzleendplate
wasmorepositivethanthatheasurednearertheexitofthenozzle.

—

Furthermore,airflowthroughthemodelinteriordidnotappreciably
affectthebasepressures. —

ForceTestsofBodyAlone —

The&ragcharacteristicsofthebodyalone”areprgSentedinfig-

.- -* .=
-.

—

.- .

—
-..>..=

.-
-. -

*-
.. ... . . .—

-.

. —

,_
—
.—

ures13and.14.In’figure13thetotalbodydrag,base~drag,”andfore-””,.-_ -_<.
bodydragcoeffi.~ientsofthewire”andsting-supportedmodelsare-
plottedas a functionofReynoldsnumber.Infigure14,the.forebody.’-
skin-frictiondragcoefficientsareplottedas a functionofReynolds
numberandarecomparedwithcomputedresults.?

Preliminary tests.-Priorto thebasicforcetestsof thebody
alone,theeffectofmcdellocationinthetestsectiononthetotal
dragcharacteristicsofthebodyaloneweredetermined.Thefollowing
tablesummarizesthetotal-dragdataobtained:fromthe-bodyfittedwith
theflatbasewhenthemodelwaslocatedatfourpositions..iu.thetest
section.

StationofnoselocationC%
uncorrectedIc%correctedforbuoyancyI

239 .:. 0● 190 0.182 ““”-
230 .183 .181
222 .176 .~8~
215 .173‘ .180

=&...4.--.=
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An inspectionofthedataindicatesthattheapplicationof thebuoyancy
correctionreducedthedrag-coefficientvariationfrom0.017forthe.
uncorrectedresultsto 0.002forthecorrectedresults.

Totaldrag.-Thetotalbodydrag coefficientsof thewire-supported
modelat M = 1.59(fig.13(a))varyfroman averagevalueof0.197at
a Reynoldsnumberof 1.8’x106to 0.172at a Reynoldsnumberof 4.7x 106.
Allthreeofthebasesgiveapproximatelythesamevalueof drag
coefficient.

Thedataobtainedat a Machnumberof 1.59onthest~-supported
model(fig.13(b))indicatethelargeeffectwhichtheboundarylayer
hasonthetotalbodydragcoefficient.Witha transitionstripat
x- = 0.614,thedragcoefficientsvsxyfrom0.153ataReynoldsnumber .L
of 2.8x 106to 0.l&6at a Reynoldsnumberof 4.5x 106. Corresponding
drag-coefficientvalueswithouta transitionstriponthemodelare
0.079and0.093.At a Machnwiberof l.koanda Reynoldsnumberof
3.8x 106thedataobtainedfromthesting-supportedmodel(fig.13(c))

* showthesametrendsas thecorrespondingdataat a Machnumberof 1.59.
Theeffectofthetransitionstrip,however,appearstobe s?nallerat
thelowerMachnumber.Thetotaldragcoefficientsmeasuredonthe

. wire-supportedmodelareabout20percenthigherthanthosenasuredon
thesting-supportedmodelwiththetransitionstriplocatedat ~ = 0.614.

Basedrag.-Onlytwovaluesofbasedragcoefficient(fig.13(a))
weredeterminedduringtheforcetestsonthewire-supportedmodel.The
averagevalueof 0.03–obtainedfromthesetestsis-ingoodagreement
withtheresultsofthepreliminarytests(fig.12)wherethebasedrag
coefficientbasedonend-platepressure(-0.07)is0.026.Onthest&-
supportedmodelthebase-dragcoefficientsarehigherwithturbulent
flowovertherearofthemodelandchangeverylittlewithincreasing_
Reynoldsnumberincontrastto theincreaseinbasedragcoefficient
withincreasingReynoldsnumberonthemodelwithnotransitionstrip.
OverthesmallMachnumberrangeoftheseteststhereappeartobe no
Machnumbereffectsonthebasedragcoefficientof thesting-supported
model.

Thebasedragcoefficientsobtainedfromthetwoforcemodelsad
thepressuremodelaresummarizedinthefollowingtablefora Reynolds
numberof 3.7x 106anda Machnumberof 1.59. Sincethestingcon-
figurationmayinfluencethebasedragcoefficientthestingdimensions
arealsoincludedinthetable.

.

-. .-

—
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LengthofstraightBoundary-layerStingdismeterstingbehindmodel~~f;i:::tModel conditionat
modelbase (in.) (in.)

Wire-supported
forcemodel Turbulent o.125 Greaterthan20 0.025:

Wire-supported
forcemodel Turbulent 1.25 8 .028

withdummysting

Sting-supportedTurbulent 0.75 8 .035
forcemodel

Sting-supportedTurbulent 1.25 4. .030
pessure model

Sting-supportedLsminar 0.75 8 .017
forcemodel

Sting-supported
forcemodelwith Laminar 1.25 lo.~,. .007
larger diameter
dummysting

Sting-supportedLaminar 1.25 4 .006
pressuremodel
a

A comparisonofthevaluesinthistableisratherdifficultbecause
ofthepossibilityof sting-interferenceeffectsbeing-present.On the”‘“-
confi~ationswithturbulentflowovertherearofthemodelsthebase
dragcoefficientVSXied from0.025 to0.035.”.m b-e d?%coefficient
is lowestonthewire-supportedmotielwhich.hasthele~t probablesting
interferenceeffects.Inthisconnection,a testwasmadetodetermine
themagnitudeof thesting-interferenceeffects.l~ena _voden ,. .
sting1.25inchesindiameterand8 incheslong(followedby a !20°
includedanglecone)wasattachedtothewire,thebasedragcoefficient
wasincreasedto0.028; thusverylittlestinginterferenceisindicated.
Thehigherbasedrag coefficientofthesting-supportedforcemodelwith
partiallyturbulentflowmaybe dueto a differentthicknessofthe
boundarylayeratthemodelbase(reference11). Witha laminarboutiry
layerovertherearofthemodelthebapedragcoeffic.ien.tsofthepres-
sureandforcemodelsare0.006and0.017,respectively.In a supple~
mentarytestthediameteroftheforce-madelstingwasincreasedto
1.25ti-chesto correspondto t“hepressmem@el. underthesecOnfitiWs ‘- .:j
themeasuredbasedragcoefficientwas0,007andindicatesthatwitha —

,... .-

.

.

.— .

—
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laminarboundarylayerthelargerstingdoesaffeetthe%ase dragcoef’fi-
cient.No testsweremadeto determinewhetherthesmallerstingalso.
affectedthebasedragcoefficient.

Itshouldtienotedthat,inreference11,thebasepressureona
bodywitha ?ioattailangleof0° endwithlaminarboundary-layerflow
becamemorenegative’asthestingdiameterwasincreased.Reference13,
however,presentstestson a boattailedbodywithlaminarflowinwhich
thebasepressurebecamemorepositiveasthestingdiameterwasincreased.
It appears,therefore,thattheeffectof stinginterferenceonbase
pressureisa function”ofbodyboattailangle,

—

Forebodydrag.-Theforebodydr~ coefficientspresentedin fig-”
ure13wereobtainedby subtractingthebase,dragcoefficientsfrom.the
totalbodydragcoefficients.SincetheeffectofReynoldsnumberon
thebasedragcoefficientsofthewire-supportednmdelwasnotdetermined,
theforebodydragcoefficientswereobtainedby usingthebasedrag
coefficientmeasuredata Reynoldsnumberof3.7x 106. Boththewire-
andsting-supportedmodelforebodydragdatadecreasewithincreasing
Reynoldsnumber:. Theforebodydragcoefficientsofthewire-supported
modelwheretheboundarylayeriscompletelyturbulentareabout50
and130percentgreaterthancorrespondingvaluesforthesting-supported

. modelwithandwithouta transitionstripatthemaximumdiameterstation.
Thedataat a Machnumberof l.koshowmuchles$effectdueto theaddi-
tionofthetransitionstripthantheMachnumber1.59data.

Skin-frictiondrag.-Theforebodyskin-frictiondragcoefficients
presentedinfigure14 fora Machnumberof 1.59wereobtainedby sub-
tractingfromtheforebodydragcoefficients(fig.13)thepressure .
dragcoefficientobtainedfromtestsonthepressuremodel.Thefollowing
tabieliststhepressuredragcoefficientswhichwere

R c@

Wire- 2.8x 106 0.048
“supported 3.7x 106 .044
model 4.7x 106 ●043

used.

lItwillbe shownlaterthat,theboundary-layerflowonthewire-.
supportedmodelis completelyturbulent.

.......... ,-~-..-
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Since.pressuredataforthe

at a Reynoldsnumberof3-.7
atthisReynoldsnuniber”was
drag-coefficient-data(fig.

sting-suppo~ed_.model.wer~e/

NACARM L52A14 –

.

availableonly.——.
x 10b,thepressuredrag”coefficientobt&=ine~_.=” .~

.——

usedforreducingallthe_skin-friction
14)forthe.sting-support_dmodel..The .”~. ...=

dataindicatethatthesting-supportedmodelwiththelaminarboundary
layerhasthelowestskin-frictiondrag.Additionofthetr~sit{on
stripmorethandoublestheskin-frictiondragofthismodel,whileuse

.,

ofthewire.suppofisystemmorethantrip~stheskin-friction@g otibr!:’- ~
thatofa laminarboundarylayer.Whentheassmptionismadethat-the ., .:
transitionstripcausesboundary-layertransitionitapPearsfromthe.
datathatonthewire-supportedmodeltheboundarylayer-becomesturbu- ‘~
lentovertheforwardpartofthe-model.Thesedata-aresubstantiated

....

by supplementarytestswhichweremadeonthewire-supportedmodelin
whichthetransitionstripwaslocated”atdifferentslationsonthebody.

-:.—

Thesedataaresummarized-inthefollowingtablewhichshowstheeffe@ .
—

on thetotalhag coefficient--ofplacingthetransitr@n.stripat several,,. ..,_~

locationsx onthe”model. ,- ,-, ~
z .-

Transition-striplocation
R

No-transition
0.832 0.614 0.352 0.093strip

cm r0.186’
2.7.x106 0.187 0.~87 0.185 0.185 .~89

3.7x 106 .181 .179 .179 .178 .180
4.7x 106 .173 .174 .174 .174 .174

.“

.

-..

For”eachReynoldsnumber,thetotal--dragis,thesame,.withintheexperi-, ~
mentalaccuracyofthedata,regardlessof thelocationof thetransi-,
tionstrip.Theseresultswouldbe expectedonlyif“theboundarylayer ~
werealreadyturbulent.atthemostforwardlocationof thetransition

—

strip.Itthusappearsthaton thewire-supportedm@el theboundary , “ j
—

layeriscompletelyturbulent. .— r:

Computedskin-frictiondragcoefficientsbasedon compressible-=,~,_, j
flowtheoryarealsopresentedinfigurel!= Theeva~luationofthe , ._“==~
skin-frictioncoefficientonbodiesof revolutionwhentheeffectso?
pressuregradientareneglected,hasbeendiscuss~inreference14.

.

Furtheranalysis,basedonreferehce-ll,ofthisproblemhasbeenper- ““““ ““”““~
formedby Mr.ClintonE.BrownoftheLsngl~yLaboratory.Itcembe *“-—

q.
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shownfromtheunpublishedanalysisthat,withlaminarflow,thethree-
dimensionalskin-frictioncoefficientfortheRM-10body(pressure. gradienteffectsbeingneglected)isabout6 percentgreaterthanthe —
equivalentflat-plateskin-frictioncoefficientwhichcanbe obtained
froman empiricalequation

~ ~17M1.5cffi= 1.328.- . 0.

presentedinreference15. (Equation(1)is a goodapproximationto
theresultspresentedinreferences16and17.) Thecomputedlaminar
skin-frictiondragcoefficientsin figure14werethereforecomPuted .
fromtheequation

cDf= 1“06(1.328-
f

)0.0217+5 ~
R’ A

(2) .-

Mr.Brownhasalsoshownthat,forpracticalbodiesofrevolution,
thepercentagedifferencebetweenthethree-dimensionalandequivalent. flat-plateturbulent-skin-frictioncoefficientsissmallandisprobably
withintheaccuracyoftheanalysis.Thecomputedturbulent-skin-friction
dragcoefficientspresentedin figure14,therefore,areobtainedfrom.
theequation

whichisbasedon flat-plateresultspresented,inreference18.

As a matterof generalinterest,equations(2)and(3)havebeen
combinedto givethe.followingequationfor computingtheskin-friction
dragofa partiallyturbtilentboundarylayer

( )~06 1.328- 0.0217M1-5&
c~f= .

r
R1 A
L

0.472 1

(
;%?

)[()

0.467
1+~

2.58
@@ .

,.—

.-
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Equation(4)assumes,forlackof a betterassumption,thatthe
transitionstripcreatesa turbulentboundary’layeroFt”hesamethick-
nessbackof!thestripaswouldexistif.turbulentfldyalaoexisted-
overthatpartofthemodelaheadofthestrip.

Thee~erimentalleminsrskin-frictioncoefficientspresented.in
figure14areingoodagreementwiththeresultscomputedfromequation2.
It appears,therefore,thattheeffectsofpressuregradientonthe
lsminarskin-frictiondragmaybe small.Thedatafromthewire-
suppcmtedmodel(completelyturbulentflow)agreewiththe&ults com-

. putedfromequation(3). No significanceshouldbeplacedonthisagree-
ment,however,sincethewiresupportcreatesa turbulentflowatthe ,
modelnosewhichdoesnotstartfromzerothickness.TheReynolds

. .

.

.
.-

—,

numberbasedonbodylength,therefore,isa fictitiousnumber,andthe
experimentalskin-frictiondraghaslittlesignificanc-e.

. .— —

.
.-—

.

ForceTestsofEodyPlusFins

Thedragdataobtainedwithvariousnumbersoffinsattachedto the
wire-supportedmodelareshowninfigure15. Thetotaldragcoeffi.ci.ent
andthetotaldragincrementperfinobtainedfromthe.kocketjrecessed) .
andflatbasemodelsareplottedasa functionofReynoldsnumber.The
totaldragcoefficientofthefour-finnedbodyisverynearlyconstant
at eachReynoldsnuniberforthe

F
eebasesandvariesfromabout0.25Q

at a Reynoldsnumberof2.7x 1 to a valueof0.270at a Reynolds
numberof4.7-X106. Thetotal-drag-coefficientincr.sentperfi~“ “- ~! “
appearstobeverynearlyindependentof Reynoldsnumber,internalbase
contour,numberof fins,andradialspacingofthefins.Thisdrag
incrementhasan averagevalueof about0.025.It.shouldbe mentioned .:
tkt thistotaldragincrementincludesanychangein-basePressuredrag
ofthebodyalonedueto theadditionofthefins,andanychangein
forebodypressuredragdueto fininterference. .—

.

—. —-
-. --

—
,..—=—

Thedragdatawhichwereobtainedonthesting-suppofiedmod$.lR~_. .,
Machnumbersof 1.59end1.40we presentedin figures16and17,~espec---”-”
tively.Thetotaldrag,basedrag,andforedragcoefficients,andthe
foredragcoefficientincrementperfinareplottedas a tictionof

—.

Reynoldsnumber.Thesedatawereobtainedbothwithtr~sitionfree ““-‘“-~..-. .-
(figs.16(a)and17(a))andwithtransitionstripat .$= 0.614 -.

(figs.16(b)and17(b)).

Withfourfinsattachedtothebodyandwitha lamimrboundary
layer,thetotaldragcoefficientat a Machnumbero?l.!59(fig.16(a)) .....3
variesfrom0.220at a Reynoldsnumberof 2.8 x 106to 0.211ata

1“
—

..- ..-. .——
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Reynoldsnumberof 4.5x 106. Thecofiespondingdragvalueswithtur-
. bulentflow(fig.16(b))over.therearofthemodelappeartobe inde-

pendentof thesmallReynoldsnumberrangeofthesetestsandhaveen “- –
averagevalueof0.231.

Additionof thefinshasa considerablylargereffectinincreasing
thebasedragcoefficientofthemodelwithlaminarflowthanonthe
modelwithpartiallyturbulentflow. Theamountofthebasedragincrease
on themodelwithlaminsrflowappearstobe a functionof thenumber
of finsattachedto thebody. It is interestingtonotethatforboth
boundary-layerconfigurationsthebasepressuresonthefour-finned
modelssrenearlyequal.Thisresultsuggeststhat,perhaps,thebase ““
pressureon fin-stabilizedmodelsofthistypemaybe relativelyinde-
pendentofthetypeofboundary-layerflowexistingaheadof thefins,
butmaybe considerablyinfluencedbytheflowfieldcreatedby thefins.

s Theaveragefore-tiag-coefficientincrementsperfinforthemodel
with.andwithouta transitionstripare0.024and0.018,respectively-.
Theseexperimentalvaluesaresomewhatgreaterthanthelinear-theory
pressuredragcomputedbythemethodofreference19. Itmustbe
remembered,however,thattheexperimentalvaluesincludetheeffectsof
skinfrictionandinterferenceeffectsonthefuselagesndbetweenfins.

.
Correspondingdragdata(fig.17)wereobtainedata Machnumber

of l.kOfora Reynoldsnumberof 3.8x 106. Thesedatashowno signifi-
cantdifferencesfromthatobtainedat a Machnumberof 1.59.Thetotal
dragcoefficientsofthefour-finnedmodelatthelowerMachnumberare
0.227(laminarflow)and0.242(partiallyturbulentflow)as compared
to comparablevaluesof0.212and0.234at a Machnumberof 1.59.This
decreasewithMachnuxiberof thetotaldragcoefficientisdueto a
decreasingforedragcoefficientsincethebasedragcoefficientsare

——

aboutthesameatbothMachnumbers.

ForceTestsofBodyAloneatAnglesofAttack

A smallamountof angle-of-attackdatawasobtainedfrom
sumDOfiedbodyat a Machnumberof 1.59~d a Reweldsn~ber

thesting-
Of 3.7x 106. -— -A– *

Thesedataar~presentedinfigure18wherethetotal,base,Wd fore
dragcoefficientsarepresentedas a functionof angleof attack.Simi-
lardataobtainedon a half-scalemodelat a Reynoldsnumberof29.2x-106
intheLewis8-by 6-footsupersonictunnel(reference2) arealsopre-
sented.‘Thebase-drag-coefficientresultsfromreference2 wereobtained
by averagingthevaluesobtainedwithincreasinganddecreasingangles. of attack.Thetotaldragcoefficientofthebodywithlsminarflow
increasesmorerapidlywithangleof attackthandoesthetotaldragof
thebodywithattachedtransitionstrip.. Thisrelativevsriationappears

,
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tobepartlycausedby thebehaviorof thebasedragdn theIaminsr- “” ~
flowmodel.Itwouldappearfromthesedatathatthebase-dragvariation ~-”~
on a modelwithlaminarflow’islargerats~ll angles”ofattackthanon
a modelwithturbulentflow.Qualitatively,thedataobtainedwiththe
transitionstriponthemodel..followthes~e trends‘3 theLewisdata.

FinInterference

The’fin-interferenceeffectsonthefuselagepressuredistribution._._ “-
areshowninfigure19(a).Inthisfigure,thepressurecoefficients
whichwereobtainedon a gooradialsector.ofthefuselageareplotted
as a functionoftheorificelocation.Thetailedsymbolsaredata

obtainedwitha transitionstripat ~ =“o~614;thetitaileddatawere “.
L

obtainedwithlaminarflowoverthefuselage.Thefuselagepressure
distributionobtainedwithoutfinsispresentedin figure19(b).When
figureslg(a) and19(b)arecompareditappearsthat,witha laminar
boundarylayer,thepresenceofthefinsis feltabout5 percentofthe
bodylengthor about45percentofthefin-chordlength(measured”
paralleltothemodelaxis)aheadofthefuselage-finleading-edge
juncture.At a given.stationtheradialpressuresareuniformandreach,.
a maximumpositivepressureapproximately50percentofthefin-chgrd
lengthbehindthefuselage-finIeading-edBejuncture.Thepressures .
thendecreaseata rapid_ra”teUtil thebaseofthemodelisreached.
Witha turbulentflowtheeffectofthefinsisapparentlynotpropagated
forwardonthebodynoristhepressureuniformat anyradialstation.
Integrationofthesepressureresultsindicatesthat,withthelaminar
boundarylayer,theinterferenceeffectsofthefinsonthebodyreduce
theforepressuredragcoefficientby O.007.Thecorrespondingvalue
fortheturbulentboundarylayerovertherearofthemodelis0.008.
It isprobablethatthefin-bodyjuncturecausestransitionoverthe
rearofthebody.

Dataof thecomplete
otherinvesti~ationsata

GeneralCorrelation

—

= -.

. —

modelwhichwereavailablefromtheseWd
Machnumberqear1.6havebeenplottedw a“” .“_____..

functionofReynoldsntiberinfigure20< _!e totaldragcoefficients
varyfrom0.211to.0.254.Whenthetransition-freedataobtainedin
the4-by k-footsupersonictunnelareassumedtobe t~icaldataat
thelowReynoldsnumbers(thisisverifiedby thedataoftheLangley .

9-inchsupersonictunnel),thetotaldragvariesabouttwentypercent
‘ oventheReynoldsnumberrange,andthebasedragdecreasesslightly.
As a resultof theoppositetrendsofthetotalandbasedrags,the

.

foredragcoefficientvariesabout30percentovertheReynoldsnumber “:”
range. *
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Infigure21,theexperimentalskin-frictiondragoftheforebody
withoutfinsata Machnumberofl.6 isplottedas a functionof.
Reynoldsnumber.Therocket-propelledflightdatawereobtainedby
subtractingfromtheforebodydragofthecompletemodelthefindrag,
asmeasuredon a cylindricalbodywithnoboattailing,andthetheo-
reticalforebodypressuredrag. ThedatafromtheLangley9-inchsuper-
sonictunnelwereobtainedby subtractingfromtheforebodydragofthe
completemodelthetheoreticalfinb.ndforekcxlypressuredraganda tom- ‘::
putedlaminarskin-frictionfindragbasedohtheoreticalflat-plate
results.Thesedatagivean indicationof themagnitudeofthescale
effectswhichmaybe expectedon thistypeofmodel.At lowReynolds
numberswheretheboundarylayeris lsminsrtheskin-frictiondrag
decreasesastheReynoldsnumberincreases.Thistrendisreversedat
higherReynoldsnumbersasthelocationofboundary-layertransition
graduallydovesforwardon thebodywithincreasingReynoldsnumber.
Thetotalvariationoftheskin-frictiondragcoefficientoverthe
Reynoldsnunibe~rangeof thesetestscannotbe determinedsincethe
Reynoldsnumberatwhichtransitionbeginsisnotknownandtheskin-
frictiondragcoefficientcontinuallydecreasesuntilthisvalueof
Reynoldsnumberisreached.However,fromtheavailabledatait aPPears. thatthemaximumskin-frictiondragcoefficient(wire-su~ortedmodel
andfixed-transitiondatabeingneglected)maybe at least300percent
of theminimumvaluesincethisvariationispresentinthedataof fig-
ure20 andthesedatadonotdefinethetruemaximumorminimumvalues.

ThetheoreticalvariationsoftheRM-10skin-frictiondragcoeffi-
cientforlaminar-andturbulent-compressible-bound~y-layerfloware
alsopresentedinfigure21. Thesevariationsweredeterminedfrom
basicequations(2)and(3). Whenthelaminar-flowdatafromtheLangley
4-by k-foottunnelareconsidered,itappearsthatthesedatahaveabout
thesamevaluesas thetheoreticalvalues.Theexperimentalvariation
withReynoldsnumberissomewhatlessthanthatpredictedby theory.A
comparisonofthetheoreticalturbulent-skin-frictiondragcoefficient
maybe madewiththePilotlessAircraftResearchDivisionfull-scale
datasinceit is estimatedonthebasisofunpublisheddatathatturbu-
lentflowexistson about97~ercentofthebodywettedarea. This
experimentalvaluehasaboutthesamevalueasthetheoreticalvalue.
ThecompletelyturbulentdataobtainedintheLangley4-by 4-foot
tunnelindicategoodagreementwiththetheoreticalresult.Itmust
be remembered,however,thattheactualRewelds~ber of’theflow
overthismodelisnotknownbecauseoftheinitialwireboundarylayer.
Hencethegoodagreementmaybe coincidental.

.
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CONCLUSIONS~ =..—
.

A parabolicbodyof-revolution(0.287~scalemodeloftheNACARM--lO)- ‘ =
hasbeentestedintheLangley4-by 4-foo~suPer~on}CPressure~tinelat ‘.. ~
Machnumbersof 1.40and1.59andat Reynoldsnumbem--basedo~-bodylen~fi-

vsryingfrom1.8to4.7x 106. Theeffectsof Reynol~number,“finsj”- - -~
internalcontourofbodybase,andtwosupportsystemsOnthebodyPr~s- -“ ‘;
sureandforcedragwereinvestigatedat EUIangleofattack.ofOO.

ThefollowingconclusionshavebeenoWained: _
-—

(1)Laminarflowexistedovertheentirelength~ofthesting-
supportedbody(withoutfins).

..
Additionof a transitionstripatthe :... ,.J”-

maximumbodydiameterproduced.turbulentflowovertherem P@ ofthe.
bodybutdidnotsignificantlyaffecttheforebodypressuredistribution._ :
Thebasepressure,however,was”morenegatiyethanthatproducedby a
correspondinglg.minarflow. —

,.. --—--

(2)Theadditionof finsresultedina basepressurewhichwasmore~~~_..A__
negativethanforthebodywithoutfinsandwhichwasindependentof the”
~ypeofboundarylayerexistingaheadof thefins,

-.
.“

(3)me effectof fininterferenceontheforebodypress~e.=ag ....– .“;
wassmall.

....
(4)Theinternalcontourof themodelbasehadiiisignificantefles$..,~ -~

onthebasepressure. --- -., ... , .*

(5)me useofa CentI?d.Wire-supp6rtsystemextendingaheadof the
bodyproduceda turbulentflowovertheentirebodybutdidnotsignifi-
cantlyaffecttheforebody”’press”uredistribution.

—-

LangleyAeronauticalLaboratory
..

NationalAdvisoryCommitteeforAero&utics ‘
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TABLEIII.- TABUIATIONOFDIFFERENCE3EIWEENCOMPUTEDMD . ..
MEASUREDORDINATESFORRM-10FUSEMGE

@ . . .“““
..7. -. -., .L

—

D,
L&

...——.

.J GA- =. ..., :.. . .-

Forepartofbody Rocketbase

x ‘computed-‘i ‘computed-D2 x ‘computed- ‘1 ‘computed-.’2

3.07 0.004‘“ 0.001 ‘ 34.05 0.006 - 0.008
4.05 -.004 -.004 35.05 0 .006
5.05 .002..----- .001 36.05 -.003 : 0
6.05 -.001 -.001 37.05 -.005 - -.003
7.05 -.007 -.007 38.05 -.002 .; o
8.05 -.009 -.009 39..05 .001 ““ .002
9.”05 -.011 -.011 40.05 .004 “-- .005
10.05 -.011 -.013 41.05 .007 .007
11.05 -.o12 ,.- -.013 42.05 .005 ,: .ook
12.05 -.011 . -.011
13.05 -.0>0 -.010 Recessedbase
14.05 -.010. -.011 34.05 0.007 0.007
15.05 -.010 -.013 35.05 .003 .004
16.05 -.011 -.014 36.05 0 0
17.05 -.m8 -.010 37.05 -.005 -.006
18.05 -.004 -.006 38.05 -.003 -.004
19.05 -.005 -.ook 39.05 -.003. -.003
20.05 -.002 -.003 40.03 .002 . 0
21.05 0 0 41.05 .001 -.001
22.05 o“ -.001 42.05 .002 - .002
23.05 -.001 0
24.05 .003 .002 Flatbase —
25.05 .004 .005 34.05 0.009 — 0.008
26.05 .006 .006 35.05 .002 –. .003
27.05 .006 .007 36.05 -.002 -. -.002
28.05 .004 .006 37.05 -.006 -.007
29.05 .003 .005 38.05 -.005 = -.006
30.05 .003 .003 39.05 0 -.002
31.05 .003 .002 “ 40.05 .001 .“ o
32.05 -.001. -.002 41.07 -.004. . -.006
33.05 .001 0 42.05 -.009 :- -.010

.——

-—
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Figure10.- Variaticm of base pressure coefficient withmodelboattail
angle for laminar andturbulentboundary-layerflowovertherear” - ““~
ofthreeparabolicbodiesofrevolution.
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